University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

12-1993

Histological differentiation of inflorescences in two cultivars of
geranium (Pelargonium x hortorum)
Suzhen Yin

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

Recommended Citation
Yin, Suzhen, "Histological differentiation of inflorescences in two cultivars of geranium (Pelargonium x
hortorum). " Master's Thesis, University of Tennessee, 1993.
https://trace.tennessee.edu/utk_gradthes/6903

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Suzhen Yin entitled "Histological differentiation of
inflorescences in two cultivars of geranium (Pelargonium x hortorum)." I have examined the final
electronic copy of this thesis for form and content and recommend that it be accepted in partial
fulfillment of the requirements for the degree of Master of Science, with a major in Landscape
Architecture.
Effin T. Graham, Major Professor
We have read this thesis and recommend its acceptance:
Priyavadan A. Joshi, Gary L. McDaniel
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

To the Graduate Council:

I am submitting herewith a thesis written by Suzhen Yin entitled "Histological
Differentiation of Inflorescences in Two Cultivars of Geranium {Pelargonium x
hortorum)" I have examined the final copy of this thesis for form and content and
recommend that it be accepted in partial fulfillment of the requirements for the
degree of Master of Science, with a major in Ornamental Horticulture and
Landscape Design.

Graham, Major professor

We have read this thesis and/recommend its acceptance

2

Accepted for the Council:

Associate Vice Chancellor
and Dean of The Graduate School

HISTOLOGICAL DIFFERENTIATION OF INFLORESCENCES
IN TWO CULTIVARS

OF GERANIUM {Pelargonium x hortorum)

A Thesis
Presented for the
Master of Science

Degree

The University of Tennessee, Knoxville

Suzhen Yin
December 1993

/«hVET-l»ED.

"Tfazis
.yssz

ACKNOWLEDGEMENTS

The author wishes to express her gratitude to Dr. Effin T. Graham, for serving as
her major professor. His knowledge, guidance, support, understanding, kindness
and care were critical to the completion of this study.

The author would also like to express her appreciation to Dr. Priyavadan A. Joshi

for serving on her graduate committee. His knowledge, professional experience,
constructive suggestions, constant inspiration and friendship played an important role
during the process of this research. The author especially thanks him for his active
and excellent contribution to this project.

The author would also like to thank Dr. Gary L. McDaniel for serving on her
graduate committee and for his invitation, arrangement and help to come to the
United States to study towards a MS degree. The author would also like to thank

Dr. G. Douglas Crater for serving on her graduate committee. The financial support

provided by the Department of Ornamental Horticulture and Landscape Design is
acknowledged

The author would also like to thank Dr. John Day for his care and encouragement
during her graduate studies, Randon J. Krieg for his sincere frendship, care and
help, Kathy Malueg for her friendship and technical assistance, and Dr. Robert Ebel
for his friendship.

u

The author would especially like to thank her higher authorities, staff and most
intimate friends in China for their spiritual support, the utmost solicitude, trust and
help. Their role during her graduate studies was indelible.

Finally, the author would like to express her thank to her husband, Chengping
Ren, and her daughter, Yunyi Ren, for their understanding, patience, help and all
that they did for her.

ui

ABSTRACT

Differentiation of the first inflorescence was determined in two seed propagated
cultivars of geranium, 'Multibloom Scarlet' and 'Red Elite'. Histological evidence
was recorded in photomicrographs of paraffin sections of shoot apex tissues and

scanning electron micrographs of shoot tip surfaces. Morphological evidence was
recorded in photographs when the first flowers were showing red petals.
Inflorescence primordia appeared at the 5th and 8th leaf stages in 'Multibloom

Scarlet' and 'Red Elite' respectively. Earlier growth stages of seedling shoots bore
pairs of opposite leaves. An inflorescence formed in lieu of a leaf, and

inflorescence primordia and leaf primordia formed laterally from a central apical
meristem. Whether or not this indeterminate pattern of seedling growth continued
indefinitely was not determined. Photomicrographs of sectioned tissue detected

inflorescence differentiation one leaf stage earlier than scanning electron micrographs,
and thus was the more sensitive method for dating the event precisely. However,

scanning electron micrographs revealed the structure of a whole shoot apex in a
single micrograph and avoided reconstructive interpretation of three dimensional
structure from serial sections.
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CHAPTER

1

INTRODUCTION

1.1

Rationale

of the

Research

Both potted and bedding plant geraniums, Pelargonium x hortorum, are important
commercial floriculture products. Many geranium cultivars have been developed over
the past 30 years (Carlson and Hilliard, 1986) and several have been investigated

with respect to cytology, genetics, breeding, and various cultural factors (Hamey,
1976; Craig, 1971; White, 1971; Baker, 1971), Research on flower development
has focused mainly on responses to light, temperature, and growth regulators
(Quatchak et al., 1986; White and Warrington, 1984, 1988; Armitage, 1986;
Tayama and Carver, 1990). A morphological sequence of differentiation of flower
parts is known only in one cultivar (Wetzstein and Armitage, 1983), and there is

no histological information relating differentiation of an inflorescence to a specific
stage of morphological development in any cultivar.

New series of seed propagated pot geraniums have been bred for compact growth
habits and early bloom, and are becoming increasingly popular with growers.
Interpretation of flowering responses to experimental variables, however, would be

strengthened by precise timing of treatments to coincide with known points of
differentiation of inflorescences. This principle would be especially applicable to
geraniums grown from seed if the histology of the first inflorescence were related

to a particular stage of growth marked by a particular leaf.

1.2 Objective of the Research

The objective of this research was to determine the stages of seedling growth at
which the first inflorescences became microscopically visible in two new series

cultivars that differ substantially in time to flowering according to grower
experience.

CHAPTER 2

REVIEW OF LITERATURE

2.1 The Experimental Plant

The florists' or garden geranium is a complex hybrid, Pelargonium x hortorum,

derived from South Afiican species (Craig, 1971; Moore, 1971). It is placed in the
family Geraniaceae which also contains the genus Geranium, with many species,
especially in the North Temperate Zone, including certain wUdflowers and garden
plants that are popularly called cranesbills. The subject of this thesis, however, is

the commercial floriculture plant in the genus Pelargonium. It is referred to simply
as geranium in further text.

2.2 General Morphology

There has been no comprehensive anatomical description of geranium (Adams,

1971). Therefore, much of the underlying basis of morphological description is
missing. However, certain reported facts as well as some personal observations are
stated below.

Geranium flowers are perfect, complete, and pentamerous with five sepals, five
petals and ten stamens (Wetzstein and Armitage, 1983). Differentiation of flowers
and flower parts, however, is not the subject of this thesis, which rather is
histological differentiation of the inflorescences.

Leaves are entire, palmately veined, obtusely trilobed, bear prominent stipules at the

bases of petioles, and are highly scented throughout the life of the plant While
3

early pairs of leaves arise oppositely on seedlings, the phyllotaxy becomes
increasingly complex as the plant matures and produces several inflorescences
successively. However, the foliage remains morphologically stable (Adams, 1971).

The inflorescence may be considered an umbel which is defined as a group of
flowers with pedicels of equal length arising from a common point (or nearly so)
on the peduncle (Rickett, 1955). The stmcture, however, is not altogether typical of
the umbel as classically defined (Wetzstein and Armitage, 1983). The oldest flowers
are arranged peripherally and the youngest centrally, so that the sequence of bloom

is from the margin of the umbel inward. Inflorescences may arise terminally on the
stem, opposite or axillary to a leaf, depending on complex distribution of active
growth as the plant matures (Moore, 1971). The central point of this thesis is to
reveal precisely the histological origin of the first inflorescence.

2.3 Method of Propagation
Pelargonium species as a whole are well developed outcrossers and are

heterozygous in wild populations. Therefore, the original domestication and breeding
of geraniums depended on vegetative propagation of attractive selections. Propagation
by cuttings remains the method of choice for certain outstanding cultivars that
always have been managed vegetatively (Rogers, 1971).

However, a method for establishing and crossing inbred lines of geranium was
announced 30 years ago and in the same year, the first seed propagated cultivar
was named and released for commercial production. Several more were released

during the next decade (Craig, 1971). Geranium seed technology has continued to
4

develop and new cultivars are released frequently. The two cultivars used in this

investigation were recent products of geranium breeding and seed technology.
Emphasis on this point is important since inflorescence differentiation may not be
equivalent in seed propagated and asexually propagated geraniums.

2.4 Interpretation of Results

The terms initiation and differentiation for describing the geranium inflorescence
have been apphed rather inconsistently and imprecisely. Both terms have been used
synonymously for the same histological event (Miranda and Carlson, 1980). Other

authors used initiation to mean the formation of convex inflorescence primordia
while differentiation described the sequential development of flower parts (Wetztein
and Armitage, 1983). Other authors have defined inflorescence initiation as the
earliest appearance of a small bud, 0.5 cm diameter, that was visible to the unaided

eye (Armitage, 1986; Semeniuk and Taylor, 1970; Quatchak et al., 1986).

The results of this investigation are described and interpreted according to the

following definition: "Differentiation is a physiological and morphological change in
a cell, tissue, organ or plant during development from a meristematic or juvenile
stage to a mature or adult stage, usually associated with a change in speciahzation"
(Esau, 1977). In this context, the generation of prominent ridges or mounds of
cells, the primordia, by apical vegetative and inflorescence meristems are the central

events of the differentiation process that the thesis is focused on. It is recognized,
however, that these structural events have been preceded by invisible metabolic or

physiological initiating events. Moreover, the investigation was concerned only with
differentiation of the first inflorescence and relating this event to a visible stage of
5

seedling growth, in two cultivars. This has not been done previously for any
cultivar. Anatomical differentiation of individual flowers was not considered.

CHAPTER
MATERIALS AND

3.1

Plant

3
METHODS

Materials

Two cultivars of hybrid geranium, 'Multibloom Scarlet' and 'Red Elite', were

grown from seeds donated by Goldsmith Seeds, Inc., Gilroy, CA.

3.2 Propagation and Culture

Seeds were sown in plastic flats containing Pro-Mix Germination Blend media
(Premier Brands, Inc., New Rochelle, NY) and placed on bottom heat under
intermittent mist until emergence (3-4 days). Ten days after sowing, seedlings were

transplanted into 554 cm^ (4") plastic pots containing Sogemix SM-2 media
(Sogevex, Pointe Label, Que., Canada). Further culture was in a glass greenhouse.

Fertilizer, I5N-I6P2O5-I7K2O at the rate of 100 mg N/liter was applied as the
plants were watered during the first ten days. Then the fertilizer rate was increased
to 200 mg N/liter, and finally to 300 mg N/liter when the roots had reached the
sides and bottom of the pot. Every fourth watering was with tap water to minimize
soluble salts accumulation.

3.3 Specimen Preparation for Light Microscopy
Tissue specimens were collected beginning when the first true leaves were I cm

long, base to tip, and continuing until the 10th and 13th leaf stages for

'Multibloom Scarlet' and 'Red Elite', respectively, in Fall, 1992. At each leaf stage,
ten shoots of each cultivar were taken to the laboratory and shoot apex specimens

were dissected away under a stereomicroscope. These specimens were prepared for
7

paraffin sectioning according to well known procedures (Johansen, 1940), modified
to take advantage of certain modem developments.

Immediately upon excision, the specimens were dropped into a fixative mixtxne of

2% formaldehyde and 5% acetic acid in 50% ethanol (standard 50% FAA). Shortly
after being placed in the fixation solution, the specimens were aspirated at 30

inches of mercury to eliminate gases from the tissues, thus ensuring uniform
penetration of the fixative solution. Upon completion of aspiration (bubbling
ceased), the original FAA was replaced with fresh solution. A minimum of 24
hours was allowed for fixation. However, longer fixation times in FAA are not
harmful and were employed to fit scheduling.

Fixed specimens were dehydrated in a tertiary butyl alcohol (TEA) series, 30
minutes for each step (50%, 70%, 90%, 95%, and 100%). The pure TEA was
modified with 10% isopropyl alcohol to prevent freezing at room temperature and

this mixture was the transitional solvent for infiltration of molten paraffin overnight

at 6CPC. The embedding paraffin was Paraplast™^ MP 56°-570C.

The specimen blocks were cast in stainless steel base molds with matching plastic

ring molds on an embedding console (Tissue Tek™). The specimens were oriented
very carefully in the base molds to ensure that sections would be formed parallel to
longitudinal specimen axes as nearly as possible.

Specimen blocks were sectioned at 10 |i.m on a rotary microtome. Ribbon segments
were flattened on a slide warmer at 50®C, drained of water, and dried overnight at
8

40®C on a second slide warmer. The slides had been specially washed in a rich
suds of detergent, rinsed with distiUed water, dried and stored in slide boxes until

needed for mounting sections. Therefore, the mounted sections adhered directly to
bare glass and no adhesive film was needed.

The mounted sections were deparaffinized with MicroClear™ and moved through a
descending series of isopropanol concentrations to water. The rehydrated sections
were double stained with hematoxylin (Graham, 1991) and alcian blue (Benes,

1968) and dehydrated through an ascending series of isopropanol concentrations.

The dehydrated tissues were cleared with MicroClear™ and cover glasses were
affixed with Eukitt™ resin.

A minimum of six similar results from ten specimens were required for each leaf

stage, and in a few instances all ten specimens were sectioned and slides prepared
to obtain the results. The result illustrated in the micrograph for each leaf stage is
typical of the results seen in six slides.

3.4 Specimen Preparation for Scanning Electron Microscopy (SEM)
At the same sampling stages previously specified for light microscopy, three shoot

apex specimens of each cultivar were fixed with Karnovsky's (1965) solution and
postfixed with osmium tetroxide according to standard procedures (Hayat, 1970).

The fixed specimens were stored in buffer solution in a refrigerator until finally

prepared for SEM in March, 1993. The entire SEM experiment was repeated in

Spring, 1993. In the spring experiment, however, five specimens were prepared for

each leaf stage. Therefore, a total of eight specimens for each leaf stage were
9

examined with SEM. The result shown in each electron micrograph is the most
representative or typical result from eight specimens.

The fixed specimens were rinsed free of buffer and advanced through 25%, 50%
and 75% acetone. At least 1 hour was allowed for each acetone rinse although
longer times were allowed to fit scheduling. The fixed and acetone-prepared samples
were taken to the University's central scanning electron microscopy (SEM)
laboratory, where the specimens were advanced through three final steps of the
preparation as follows: 1) critical point drying with liquid CO2 in a special

apparatus; 2) mounting the dried specimens on aluminum pedestals; and 3) coating
the specimens with a film of carbon followed by a film of gold-palladium in a

special vacuum evaporator apparatus. At this point the specimens were ready for
observation in the SEM.

3.5 Gross Morphological Observation

Ten plants of each cultivar were transplanted into 6" pots and kept in the
greenhouse for identification of the first inflorescence position when it bloomed.

3.6

Data

Collection

A specific leaf size, 1 cm base to tip, was kept constant for each sampling in
order to maintain uniformity of the experimental procedure. Histological sections
were selected to distinctly demonstrate a leaf primordium, a vegetative meristem and
an inflorescence meristem, each served by a continuous vascular strand. This

evidence was recorded in photomicrographs using Kodak 35 mm Ektachrome 64T
color reversal film (35 mm color slides) on a Nikon MICROPHOT FXA
10

photomicroscope. These 35 mm color slides were duplicated with Kodak 35 mm
Ektar 25 daylight print film to make the light microscopy plates that illustrate the
results. The number of days from sowing seeds to microscopically visible
differentiation of the first inflorescence and the corresponding leaf growth stage

were recorded. Scanning electron micrographs of shoot apexes at each leaf stage

were recorded with Polaroid™ 55 positive-negative film on an ETEC Autoscan™
SEM at 20 KV to complement the histological results. After removing excess
foliage, the position of the first inflorescence and corresponding leaf were

photographed with Kodak 35 mm Ektar 25 daylight print film and Canon T90
camera.
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CHAPTER

4

RESULTS

4.1

Observation

Before

Inflorescence

Differentiation

At the 4th leaf stage of shoot development in 'Multibloom Scarlet' and 7th in 'Red

Ehte', the median longitudinal sections from each cultivar showed a single convexshaped vegetative meristem which was heavily stained compared with other shoot

tissues (Figs.1,20). These compactly arranged meristematic cells contained prominent
nuclei and darkly stained cytoplasm (Figs.2,21). Both the vegetative meristem and

the youngest leaf were supplied with vascular strands (Figs.l, 20). Scanning
electron micrographs in the same early stage showed a slightly convex-shaped apex
along with a leaf primordium on its right side (Figs.9,28).

4.2

Observation

At Inflorescence

Differentiation

Differentiation of inflorescences occurred at the 5th and 8th leaf stages (30 and 41
days after sowing) in 'Multibloom Scarlet' and 'Red Elite', respectively (Table 1
and Figs.3, 22). The appearance of the second meristem coincided with the

formation of other acutely dome-shaped structures, which were adjacent to the
vegetative meristems and opposite the youngest leaf primordia in median longitudinal
sections. The youngest leaves and newly developed meristems were supplied with
vascular strands. Scanning electron micrographs at the same leaf stage showed
slight flattening of the domes compared with the vegetative stages, but no
distinguishable sign to reveal the presence of two domes (Figs.10, 29).
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4.3

Observation

After

Inflorescence

Differentiation

During early stages of post-differentiation, the 6th-8th leaf growth stages in
'Multibloom Scarlet' and the 9th-11th in 'Red Elite', heavily stained, dome-shaped
meristems became quite obvious on the shoot apex (Figs.4, 5, 6, 23, 24, 25). The

second meristems continued to develop and showed identifiable morphological
features of inflorescences during later stages of post-differentiation, the 9th-10th leaf
stages in 'Multibloom Scarlet' and 12th-13th in 'Red Elite' (Figs.7, 8, 26, 27). In
each case, the peduncle axis gradually elongated, and heavily stained flower
primordia appeared at the tip of the peduncle. The entire inflorescence was present
adjacent to a vegetative apical meristem and opposite the youngest leaf, and the
vegetative meristem was present between the inflorescence and youngest leaf.

Scanning electron micrographs clearly showed the appearance of the second dome-

shaped structure, adjacent to the apical meristem and opposite to the youngest leaf
at the 6th and 9th leaf stages in 'Multibloom Scarlet' and 'Red Elite', respectively
(Figs.11, 30). The second meristem elongated and expanded during its further
development, and a pair of stipules appeared at the base of the leaf (Figs.11, 12,
31, 32). The structure of the inflorescence with its short peduncle and bracts was
clear at the 9th leaf stage in 'Multibloom Scarlet' and the 12th in 'Red Elite'

(Figs.14, 33). The SEM images of later stages demonstrated the differentiation of
flower parts in individual flowers at the 10th and 13th leaf stages in 'Multibloom

Scarlet' and 'Red Elite', respectively (Figs.15, 16, 34, 35). Scanning electron

micrographs and morphological photographs showed the same corresponding
positions of inflorescences, leaves and vegetative apical meristems as histological
ones (Figs.17, 18, 19,36,37,38).
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4.4 Table 1:

Leaf Stages and Corresponding Number of Days after

Sowing*
Leaf stage

Number of days
after sowing

Leaf stage

Number of days
after sowing

1st

13

8th***

41

2nd

17

9th

45

3rd

22

10th

50

4th

27

11th

54

5th**

30

12th

58

6th

34

13th

62

7th

37

* Composite results of at least 6 histological views from 10 shoot apex
specimens taken when leaves were 1 cm long.
** Differentiation of inflorescence occurred at 5th leaf stage in "Multibloom Scarlet'.
*** Differentiation of inflorescence occurred at the 8th leaf stage in 'Red Elite'.
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Figures 1-8: Light micrographs of median longitudinal sections
of 'Multibloom Scarlet' with different leaf growth stages
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Figure 1. Fourtli leaf stage. A single convex-shaped vegetative apical
meristem. x 80.

Figure 2. Magnified view of apical meristematic cells with prominent
nuclei and darkly stained cytoplasnx x400.

Figure 3. Fifth leaf stage. Inflorescence differentiation with the formation of

the second acute dome structure, adjacent to the vegetative
apical meristem. x80.

Figure 4. Sixth leaf stage. Inflorescence meristem becoming obvious.
X 80.
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Figure 5. Seventh leaf stage. Inflorescence meristem becoming more
prominent, x 80.

Figure 6. Eighth leaf stage. Elongation and broadening of inflorescence
axis. X 80.

Figure 7. Ninth leaf stage. Inflorescence showing identifiable
morphological features. x40.

Figure 8. Tenth leaf stage. The position of the inflorescence,
leaf, and vegetative apical meristem. x40.
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Figure 9. Fourth leaf stage. A single convex-shaped vegetative apical
meristem with a leaf primordium. x400.

Figure 10. Fifth leaf stage. Slight flattening of apical meristem. x280.
Figure 11. Sixth leaf stage. The differentiation of the second dome-shaped
structure, the inflorescence, adjacent to apical meristem. x 300.
Figure 12. Seventh leaf stage. Inflorescence meristem becoming
obvious. X 280.
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Figure 13. Eighth leaf stage. Elongated and expanded inflorescence
axis. X 130.

Figure 14. Ninth leaf stage. The first inflorescence with its short peduncle
and bracts opposite a leaf, x 104.

Figure 15. Tenth leaf stage. Inflorescence showing differentiation
of individual flowers, x 104

Figure 16. Magnified view of single flower with differentiation
of flower components. x260.
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Figure 17. Surface view showing the position of three components,
i.e. inflorescence, leaf, and apical meristem, after removing
the leaf, x 120.

Figure 18. Morphological observation demonstrating the presence of the
first inflorescence opposite the leaf.

Figure 19. Geranium 'Multibloom Scarlet' with blooming of the first
inflorescence.
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Figure 20 to 27: Light micrographs of median longitudinal
sections of 'Red Elite' with different leaf growth stages
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Figure 20. Seventh leaf stage. A single convex-shaped vegetative apical
meristem. x 80.

Figure 21. Magnified view of apical meristematic cells with prominent
nuclei and darkly stained cytoplasm. x400.

Figure 22. Eighth leaf stage. Differentiation of the second acute
dome-shaped structure, the inflorescence, adjacent to the
vegetative apical meristem. x80.
Figure 23. Ninth leaf stage. Inflorescence meristem becoming obvious, x 80.
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Figure 24. Tenth leaf stage. Inflorescence meristem becoming more
prominent, x 80.

Figure 25. Eleventh leaf stage. Elongation and broadening of
inflorescence axis, x 80.

Figure 26. Twelfth leaf stage. Inflorescence showing identifiable
morphological features. x40.

Figure 27. Thirteenth leaf stage. The position of three components:
inflorescence, leaf, and vegetative apical meristem. x40.
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Figure 28 to 36: Scanning electron micrographs
of 'Red Elite' with different leaf growth stages
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Figure 28. Seventh leaf stage. A single vegetative apical meristem with
a leaf primordium. x400.

Figure 29. Eighth leaf stage. Slight flattening of apical meristem. x280.

Figure 30. Ninth leaf stage. Differentiation of the second dome-shaped
structure, the inflorescence, x 280.

Figure 31. Tenth leaf stage. Inflorescence meristem becoming obvious. x300.
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Figure 32. Eleventh leaf stage. Elongated and expanded inflorescence
axis. X 150.

Figure 33. Twelfth leaf stage. The first inflorescence with its short
peduncle and bracts opposite a leaf. x40.
figure 34. Thirteenth leaf stage. Inflorescence with differentiation of
flower components. x40.

Figure 35. Magnified view of single flower showing beginning of
flower differentiation. x300.
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Figure 36. Surface view showing the position of apical meristem
between inflorescence and leaf bases, x 60.

Figure 37. Morphological observation displaying the presence of the
first inflorescence opposite the leaf.
Figure 38. 'Red Elite' with blooming of the first inflorescence after
removing leaves.
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CHAPTER 5
DISCUSSION

5.1

General

Conclusion

The first inflorescences in two hybrid geraniums, 'Multibloom Scarlet' and 'Red

Elite', were differentiated adjacent to apical meristems at the 5th and 8th leaf
stages, respectively. Histological and morphological observations demonstrated that

the first inflorescence differentiation in 'Multibloom Scarlet' occured 3 leaf stages
(11 days) earlier than 'Red Elite', and both cultivars displayed the same
indeterminate pattern of growth with indefinite prolongation of apical meristems. The
lateral inflorescence was opposite the youngest leaf and an apical meristem was
between the inflorescence and leaf.

SEM observations showed the occurrence of a second dome-shaped structure,
inflorescence differentiation, one leaf stage later than histological observations. This

difference between histological and SEM observations was not due to experimental
error but rather to differences in structural details available in histological sections
and SEM surface views. The apparent structural differences between two successive

leaf stages (about 4 days interval) in inflorescence development as revealed in light
microscope and SEM observations may be due to differences in how the specimens
were oriented for transmitted light and scanning electron modes of observation. If

so, histological sectioning would appear to be the more sensitive method for dating

differentiation precisely. On the other hand, SEM provided an overall topographical
view of the whole shoot apex surface and the interrelationships among its three

principal components, i.e. leaf primordium, inflorescence primordium and apical
39

meristem. SEM, however, provided no information on the meristematic quality or
mitotic activity of cells, or vascular support

5.2 Interpretation of Results

Since both cultivars exhibited an indeterminate pattern of growth, the apical
meristem did not undergo transition from vegetative into reproductive stage as
reported previously for hybrid geraniums, 'Red Elite', 'Sprinter Scarlet' and 'Sooner

Red' (White and Polys, 1987; Wetzstein and Armitage, 1983; Armitage and
Wetzstein, 1984). The fact that the apical meristem differentiated inflorescence

primordia and ultimately a functional inflorescence on a lateral position agreed with
the other histological observations in 'Sprinter Scarlet' (Miranda and Carlson, 1980).

However, the conclusion drawn from this investigation does not agree with a

previous report that the first inflorescence was terminal and further vegetative
growth was generated from the lateral bud in the axil of the uppermost leaf in
'Sprinter Scarlet' (Langton and Runger, 1985).

5.3 Implication of Results

Normally, there are two leaves present at each node on seedling geraniums (Adams,
1971). Formation of a leaf and an inflorescence opposite one another on the same
node indicates that the first inflorescence was a modification of the other leaf which

became specialized for reproductive function. This anatomical event reveals the

critical physiological switch from juvenile to reproductive growth phases in
geraniums 'Multibloom Scarlet' and 'Red Elite'. The results will be useful to

researchers for planning the application of experimental variables, especially the
scheduUng of growth regulators to control flowering.
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It is recognized, however, that physiological initiation of reproductive ability has
occurred before differentiation of an inflorescence becomes visible histologically.
therefore, an experimental treatment may have to be applied before the inflorescence
becomes histologically visible.
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